This paper examines the nature of first mover advantages on spatiallydifferentiated surface transportation networks. The literature on first mover advantages identifies a number of sources that explain their existence. However whether those sources exist on spatial networks, and how they play out with true capital immobility have been unanswered questions. By examining empirical examples including commuter rail and the Underground in London and roads in the Twin Cities of Minneapolis and St. Paul, first mover advantages were observed in rail stations but not in the road network. A simulation model was then constructed to replicate the growth of surface transportation networks incorporating idealized deployment decisions and to test whether the first network elements (links, nodes) remain strongest (or even strong) into the future. Simulation experiments were conducted and Spearman rank correlation tests revealed that first mover advantages exist in both nodes and links and become increasingly prominent as the network evolves due to the accumulated advantage of earlier established network elements. Simulation results also disclosed that network growth with a higher concentration of initial land uses results in stronger first mover advantages, and that the extent may vary as the topological attributes of the network change over time. The sensitivity of simulation results on model parameters are also discussed.
Introduction
The theory of first mover advantages (FMA) suggests that the firms or organizations that deploy technology first into market niches accumulate an advantage that keeps them dominant. A technology is not just deployed universally, rather it must be deployed in some place first. Transportation networks provide a clear-cut example of spatially configured environments where the locational decision involves sunk costs. Thus a transportation network technology deployed in a particular place may have an advantage because it was first in time, or because it acquired the best location, or both. Alternatively, the first mover may be at a disadvantage if the location choice was inferior, or there are disadvantages to being first (such as found in waiting games or when there are second-mover advantages).
A transportation facility on a network acquires advantages as other network elements connect to it to attain network economies of various kinds. Models of preferential attachment suggests those advantages are strong in a variety of real-world networks such as the World Wide Web, metabolic networks, and citation networks de Solla Price, 1965; Jeong et al., 2000) , But many kinds of transportation networks, particularly surface networks within metropolitan areas, are limited in the number of links (connections) that can be made to a node.
An important feature of spatial networks is capital immobility. Sunk costs for infrastructure cannot be easily moved. While this helps entrench a facility locally, discouraging competition, that same facility by definition cannot move in the same way as a firm to take advantage of new business opportunities.
Similarly, standards that are adopted first acquire advantages as others seek compatibility with the early standard to obtain access to the uses of that standard, and help to lock-in that standard. An example is railroad track gauges, which are now standardized at 4 feet 8 and half inches (1435 mm) in Britain and North America, the same as the first steam railway and a mere half-inch wider than the typical pre-steam tracks in the mining districts near Newcastle. This first mover advantage lasted despite some railways trying alternatives (e.g. the Great Western Railway was originally built at 5 feet 6 inches (1676 mm)), and the first gauge used on a network tends to be adopted by most subsequent lines. (Puffert, 2002) . 
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A theory of technology diffusion suggests that technologies are deployed in a pattern resembling an S-shaped curve (Kondratieff, 1987) . There is a long period of birthing, as the technology is researched and developed, there is a growth phase as the technology is deployed, and a slower mature phase as the technology has occupied available market niches. The technology diffusion model of itself is aspatial, although some areas may get a particular technology before others. Nakicenovic (1998) , by plotting a large number of curves for transportation systems, showed that S-curves fit the temporal realization of transportation networks very well.
If first mover advantages exist on surface transportation networks, the builders of those networks need to be exceedingly careful that the networks are appropriately sized and sited, as that will shape the use of those networks profoundly as the system adapts and locks-in. On the other hand, should the system tend have weak or no first mover advantages, the sequence and size of construction is less critical, today's mistakes can be absolved by future decisions.
Agent-based models have been employed to analyze spatial diffusion, to see how a technology spreads over space. Yamins et al. (2003) presented a simulation of road growing dynamics in which roads are deployed on a land use lattice by identifying the maximum transportation potential between two locations within the city, followed by the generation of the least expensive road between these two locations. Xie and Levinson (2007) developed an evolutionary model to examine the topological evolution of surface transportation networks, essentially simulating an underdeveloped area where all point-to-point paths can be used, with those paths which are more valuable reinforced while least used ones abandoned as the network evolves, thereby enabling a variable network topology forming from a bottom-up process. However, the agents in these agent-based models are technology adopters, not developers. The firms and organizations that develop and deploy technologies are different. This paper examines the question of first mover advantages, and asks if the first transportation facility remains dominant after the passage of time and changes in the economic environment in which it operates. The next section reports on the theoretical background of first mover advantages, and the ily, but could not be deployed economically because of network lock-in, including requirements to rebuild expensive sunk infrastructure like bridges and tunnels to accommodate the wider gauge.
conditions for their existence. The subsequent sections investigate particular transportation technologies and cases: rail in London and roads in the Twin Cities, and considers the presence (or absence) of first mover advantages. A simulation model is constructed to replicate the growth of surface transportation networks incorporating deployment decisions and to test whether the first network elements (links, nodes) remain strongest (or even strong) into the future. The paper concludes with a discussion of the conditions for first mover advantages to exist on surface transportation networks.
Theory
Researchers in industrial economics have developed an intensive interest in first-mover advantages since the publication of the seminal paper by Lieberman and Montgomery (1988) , which defines first-mover advantages "in terms of the ability of pioneering firms to earn positive economic profits" and explores the mechanisms that confer advantages and disadvantages on firstmover firms.
Mueller (Mueller, 1997) , extending Lieberman and Montgomery Lieberman and Montgomery (1988) , identifies a number of sources for first mover advantages, which he considers demand related and supply related as follows.
Demand Related Inertial Advantages:
• set-up and switching costs
• network externalities
• buyer inertia due to uncertainty over quality
• buyer inertia due to habit formation Supply-Related Efficiency Advantages:
• set-up and sunk costs
• network externalities and economies
• scale economiesin
• learning-by-doing cost reductions Disadvantages may also be involved for first movers. For example, early entrants often miss the best opportunities and acquire the wrong resources, obscured by technological and market uncertainties during the early stage of the market.
First-mover advantages or disadvantages may exist in transportation systems. Transportation infrastructure embeds high set-up and sunk costs , which help an incumbent if they are well located by chasing off rivals, but they also make it more difficult for the incumbent to move, as they are physically bound to the location in which they have sunk costs. Pre-emption of deployment of scarce resources occurs when locating a facility and discouraging competition due to natural monopoly associated with the technology (the high fixed costs cannot be recovered by the original or a competing firm if a second firm splits the demand).
The theory developed in industrial economics, however, does not apply to transportation networks unconditionally: in contrast to firms in a market that are largely private and competitive in nature, transport infrastructure is largely public, and subsequent network elements (nodes or links) could be deployed for the purpose of complementing early-established ones; the advantages of a first-mover are not necessarily reflected by its profitability.
The immense progress made in network science in recent years opens up the horizon to consider the advantages of first-movers in transportation networks that may arise from the mechanism of network growth. Ample evidence is available to reveal that many real networks, such as social networks, the world-wide web, and networks of proteins exhibit a "scale-free" structure (Newman, 2003) , in which some nodes act as "highly connected hubs" (high degree), although most nodes are of low degree. The concept of preferential attachment has been introduced by Barabasi and Albert (1999) to explain the emergence of the "scale-free" structure as a network grows, suggesting that nodes with higher degree have stronger ability to grab links added to the network; so "vertices entering the system at the early times have always the largest connectivities and strengths" (Barrat et al., 2004) . The concept of preferential attachment sheds light on how an accumulation of first-mover advantages could be realized due to early-established network elements having a higher probability of acquiring connections as the network grows and new elements are incorporated. It underlies one of our arguments in this research that there is an advantage to being early on a surface transportation network because of preferential attachment.
Spatial networks, including surface transportation networks, however dis-play properties that are different from aforementioned non-planar scale-free networks. Although early-established network elements in a network can acquire advantages due to a higher probability of occupying best locations, the number of links (connections) that can be made to a node (even if it occupies the best location) is limited due to spatial constraints. Can a surface transportation network realize special benefits of preferential attachment with a limited range of node degrees? Is early arrival the cause of higher connectivities and does it confer advantages to network elements? How does this play out on real networks in a dynamic way? In this paper we examine these and other related questions empirically and in simulation. Figure 1 . What is apparent by observing the graphs is that the share of cumulative ridership is greater than the share of cumulative connections is greater than the share of cumulative stations. In other words, the early stations have more connections than later stations, and more still riders than later stations.
2 excluding stations that were later closed 7 This would support to the notion of a first mover advantage. The early stations were generally well placed in the areas that at the time generated more traffic. While land use patterns and demand have shifted in London (Levinson, 2007a) , the underlying pattern was of early stations serving the then dense core while the core remaining a dense employment center has sustained in London. The early stations, those in the core, are also more likely to have multiple connections, but the additional connections do not of themselves explain the additional ridership, rather we need to look outside the network at the land use, and the mutual reinforcement between the land use and the network, as an explanation Levinson (2007b) .
Examining the data 3 more rigorously in Table 1 suggests the source of the first mover advantage is spatio-temporal location on the network and connectivity. Total station boardings and alightings on both the surface rail and Underground networks are positively related to number of connections and negatively related to travel time to Bank station (in minutes) (roughly at the center of the City of London) and statistically unrelated to year after controlling for those two variables. Other variables controlled for are population and employment density (in thousands per km 2 ) (which were insignificant, though notably highly correlated with station density), station density (in stations per km 2 ) (Underground station density was insignificant, surface rail station density was negative in both models, suggesting surface rail stations compete for customers while Underground stations complement, perhaps through higher densities), and location north of the Thames River (surface rail stations are somewhat less successful north of the Thames) and in the urban core (the London Boroughs of City of London, Westminster, Camden, Islington, Tower Hamlets, Kensington and Chelsea, and Southwark 4 . The entrepreneurs developing the rail system placed early stations well to take advantage of existing and prospective demand; the value of that placement remains today, a century after most stations opened. 
Twin Cities Roads
The Minnesota Department of Transportation (and predecessor organizations) have been building and maintaining roads in the Twin Cities (MinneapolisSaint Paul) region since 1921. We have assembled a database of road projects by section, the year they were built, and current utilization (measured here as average daily traffic). The results, shown in Table 2 , indicate that the later the year, the greater the AADT, implying the more recently constructed links carry more volume, which holds for state routes and US highways, which were both largely planned in an ad hoc way, but not for interstate highways, which were more centrally planned, and for which year is insignificant. The fact that more recently constructed highways carry more volume as we observed in the Twin Cities road network may arise for a range of reasons, which may or may not imply disadvantages of first-movers:
There has been increasing development over decades throughout the metropolitan area, which though was not spatially even. While a significant increase of proportion in total population is seen in suburban Anoka, Dakota, and Washington, a drop is observed in the more urban Hennepin and Ramsey. Uneven development leads to the shift of spatial agglomeration. Consequently, important locations decades ago may become less important and even obsolete over time, and so do the links that were built to connect these locations.
As the total population expanded by almost 250 percent from 1920 to 2000, road construction can hardly catch up with the pace of increasing travel demand. Congestion may then prevent links that were constructed in early days with limited capacity from carrying more traffic as the demand increases.
Highways may be constructed to replace heavily used local streets and arteries, which unfortunately we were not able to include in our data set. In this case, a recently constructed highway could carry heavy traffic (although its predecessor may be constructed much earlier).
As technologies of road construction and pavement are continuously improving, later-built links may be able to adopt a new technology (divided highways functionally replace undivided highways, grade separation functionally replaces traffic signals), which increases operating speed, and attracts more traffic. On the other hand, some strategic links, such as bridges or tunnels, may be technically difficult to construct, thus appearing late despite 12 their importance in location. To model this question more systematically, a Simulator Of Network Incremental Connection (SONIC 2.0) was developed to implement the deployment of a surface transportation network as sequential node additions and link additions in an iterative process. Deployment decisions are kept simple to examine whether FMA exists under idealized circumstances and which factors may affect the extent of FMA during network growth. This process of incremental connection includes an outer loop and an inner loop. The outer loop implements a node formation model which predicts where a potential node becomes an established place that could then connect into the network. One and only one node gets established per round in a random process. The inner loop includes simplified travel demand models which predict day-today traffic across established links as well as a link formation model in which roads are deployed between established places subject to specified economic feasibility criteria. One and only one road is built per round until the candidate pool is exhausted with the current set of established nodes. Upon the construction of a road the network is updated. The simulation ends once neither new places nor new roads are built. The process is illustrated in Figure 3 in a flowchart, and the component models are explained in turn as follows.
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Node Formation Model
A node formation model represents simplified land use dynamics predicting the emergence of new places with a pre-specified distribution of land use activities over space in the following steps:
1. Suppose there is an area that consists of a grid of cells. Only two types of land uses exist: workers (labor) and jobs (employment). Point accessibility of each cell centroid from workers to jobs, and from jobs to workers are calculated using the gravity-based model (de Dios Ortuzar and Willumsen, 2001) as follows: 
)
Where A −,J = accessibility from workers to jobs A −,W = accessibility from jobs to workers i,j= indices of cells w i , u i = number of workers and number of jobs in cell i θ= friction factor t ij = the generalized travel time from cell i to cell j Levinson et al. (2007) posited that during the co-evolution of a transportation network and the underlying land uses, the concentration of activities at a land use cell is facilitated by its accessibly from jobs to workers and that from workers to jobs via the network. Levinson (2007b) provides evidence for the correlation using empirical data from London railways. This model assumes that the potential of a land use cell becoming an established place is determined by its composite accessibility to employment and to resident workers. The composite accessibility is calculated as:
Where µ = the relative utility of a unit of accessibility to workers as compared to a unit of accessibility to jobs.
2. Cells that are local peaks in composite accessibility are identified as candidate places. A cell is a local peak when its composite accessibility is greater than all its neighbor cells on the grid. A cell will not become a local peak if one of its neighbor cell has already been established as a place.
3. A logit model is adopted to calculate the possibility of an eligible centroid becoming an established place.
Where: c= the index of candidate cells A c =the composite accessibility of candidate c η= the scaling factor in the logit model. A higher value of η indicates a higher possibility that a cell with a higher composite accessibility to jobs and workers gets established. 4. One and only one candidate is selected in a random process to become an established place. Each candidate is allocated an interval between 0 and 1 with the range in proportion to its possibility of becoming a node. A random number between 0 and 1 is generated. As the number falls in an interval, the corresponding candidate gets established.
Simplified Travel Demand Models
Simplified travel models are proposed to predict traffic across existing roads, which include trip generation, trip distribution, and traffic assignment, while skipping mode choice by assuming a single mode of travel. Trip generation models are made very simple: both a worker and a job generates and attracts a trip per day; a doubly-constrained trip distribution model is adopted to predict cell-to-cell trips. The decay factor is set as the same as the friction factor in the accessibility models; all-or-nothing traffic assignment assigns cell-to-cell trips onto the least travel time path between the origin and destination.
Link Formation Model
A link formation model predicts how roads are deployed incrementally to connect a given set of established places. The model includes the following steps:
1. Find candidate roads. A candidate road is proposed to connect two established places. Theoretically roads can be deployed via various routes to connect two places. Upgrading all the trail links into paved roads along the current least travel time path and along the shortest map distance path represent two extreme options in that the former usually utilizes existing roads to a large extent and thus requires less construction while the latter, which represents the shortest connection between the two places, may require more construction. In this model, only the two options are considered for each pair of established places to limit the number of candidates and reduce the running time.
2. Estimate the benefit of constructing each candidate road separately. Supposing a candidate road is constructed, the least travel cost between each pair of cells is re-calculated. The increase of accessibility due to the reduction of travel time is then computed and monetized 3. Estimate the cost of constructing each candidate road. It is assumed for simplicity that roads are built at the same speed for the same unit construction cost. Maintenance costs are neglected. 4. The candidate with the highest benefit-cost ratio will be built, provided the ratio is above one. After each round of road construction, the network is updated and the next round in the inner loop starts.
Simulation Experiments
The model starts with neither established places nor paved roads on space. As shown in Figure 4 , centroids of land use cells are distributed on a delta grid with the same distance of D kilometers between any pair of neighbor centroids. Accordingly each centroid is the center of a hexagonal land use cell, which holds specified numbers of jobs and workers, both assumed fixed over time. In central place theory (Christaller, 1933; King, 1985) , activities are distributed at nodes of different levels in the hexagonal network, which represent centers of nested hexagons. In this case, centroids with the distance of D kilometers belong to the first level, centroids with the distance of 2D belong to the second level, etc. The local peak assumption of this model essentially requires a centroid belong to the second level or higher to be established as a place. To avoid the border effect (a cell on the border has fewer than 6 neighbors and could more likely be selected), any cell on the border is eliminated from the set of potential local peaks. The monetary value of per unit increase of accessibility is specified as $v per unit and assumed fixed over time. Initially centroids are connected to their neighbors by two-way trails at a uniform speed of S trail kilometer per hour, which could be upgraded into paved roads at a uniform speed of S road for an constant construction cost rate ($C per kilometer). For simplicity the congestion effect is neglected and traffic speeds on both trails and roads are fixed over time. Note that a road referred to in the study may consist of a series of consecutive links.
Two experiments are executed with two different distribution of land uses. In both, the total number of workers is assumed to equal that of jobs with the average number of jobs or workers in a cell equal to Q. In Experiment A, the number of jobs or workers in a cell is randomly distributed between 0 and 2Q; Experiment B specified a more concentrated bell-shaped distribution for jobs and workers, in which the number of jobs declines exponentially with the distance of a place to the region center at the decline rate of β 1 while the number of workers increases exponentially at the rate of β 2 . 
Hypotheses
Imagine an extreme case in which land uses are highly concentrated. Dominant places where land uses concentrate will get established first. Then roads first built to connect these places become strategic links with an expected high volume of through traffic. As less important places are established and build new roads to connect to established places, more traffic is brought to the existing network and in general first established network elements will benefit from the network effect. In this case, one would expect to observe FMA with respect to both nodes and links simply because important places and strategic routes are built first in time. One would also expect that FMA becomes increasingly significant over time, because the location advantages of established places and roads may be accumulated as the location decisions of subsequent places and roads take the existing network as given. In a less perfect scenario, however, the disadvantages of first movers may come from two aspects: 1) If the initial land use distribution is less concentrated, a place which is at least paramount to established places may form later and divert traffic from their original destinations. The disadvantage of first established places may also be attributed to the randomness in the node formation process, especially in the early stage of network growth; 2) once a new route parallel to an existing route is built, it may divert traffic from the previous route and make it less important. Based on these speculations, the following hypotheses are proposed for testing in simulation experiments: H1: FMA can be observed in both nodes and links, and will become increasingly evident over time.
H2: FMA will be less evident in Experiment A than in Experiment B, as the latter represents a higher concentration of land uses.
H3: As the network becomes more mesh-like (less tree-like), with the presence of circuits, when more parallel lines are generated, disturbances will be observed that counteract the accumulated FMA.
Measurement
At the end of each iteration, information is recorded including the established time (iteration) of each node, the total volume that entered each node, the established time of each link (for instance, a link with its established time labeled as "16.02" indicates this link is the second link that is built in Iteration 16), and the volume of traffic that traversed each link. Assuming volume of through traffic (users) indicates the relative importance of a network element (link or node) in the network, if FMA does exist, earlier established elements should attract more traffic. The correlation between the ranks of network elements in terms of their establishing time and the ranks in term of their through traffic can be tested by the Spearman rank order correlation test (Higgins, 2003) , a non-parametric measure of correlation assessing how well an arbitrary monotonic function could describe the relationship between two variables, without making any assumptions about the frequency distribution of the variables. A negative sign before the correlation coefficient would indicate first mover advantages, suggesting the earlier a network element is established, the larger volume of traffic it attracts, while a positive sign suggests disadvantages of first movers. If it is statistically significant, the absolute value of the correlation coefficient indicates the significance of first mover advantage or disadvantage.
This study also provides two topological measures to indicate the structure for the evolving network of paved roads. One of them is the γ index, one of a wide range of existing measures of connectivity that quantify the inter-connection of nodes in a network (Harggett and Chorley, 1969) by comparing the actual number of links with the maximum number of possible links in the network:
Where e is the number of directional roads and v is the number of vertices (nodes). Note that vertices represent either established places or intersections of roads. The connection between vertices (If there are no other vertices in between) is counted as one road, even if it is comprised of a series of consecutive links.
Another measure of "circuitness" is adopted from Xie and Levinson (2006) , who developed an algorithm to identify the predefined structural elements of ring, web, circuit, and branch in a network, and evaluate their relative significance as follows:
where l i is the length of an individual link i; δ ring i is equal to 1 when a link belongs to a ring. Similarly,
Note that if a link is located on one and only one circuit, it belongs to a ring; if it is located on more than one circuit, it belongs to a web. If a link belongs to a web or ring, it is defined as a circuit link; otherwise it is defined as a branch link. Therefore,
Results
Experiment A ended at the 29th iteration while Experiment B ended at 27th iteration. Spearman correlation tests were conducted for both established places and established links at the end of every other iteration, and proposed topological measures were computed as well. Table 4 and Table 5 present the results for Experiment A and Experiment B, respectively. The fluctuations of correlation coefficients and topological measures over iterations are displayed in Figure 6 . Only the correlation coefficients with a 90 percent or higher confidence level (i.e., p − value < 0.10) are depicted.
As can be seen, in most cases both nodes and links display a negative correlation between their established years and traffic volumes, indicating that the earlier a node or a link is established, the larger volume of traffic it attracts. This provides evidence of FMA during network growth. It is also observed that FMA is enhanced over time, reflected by the generally increasing absolute value of the correlation coefficient for both network elements. These observations corroborate our first hypothesis. The second hypothesis is supported by the comparison between Experiment A and Experiment B. Starting with an bell-shaped distribution of land uses, Experiment B results in a stronger negative correlation in both nodes and roads, suggesting a stronger FMA results from a higher agglomeration of land uses. Both topological measures (the gamma index and the measure of circuitness) indicate the generally increasing circuity of the network as the network grows. The curve of the circuitness measure is more volatile as compared to that of the gamma index. The rises on the curve reflect the addition of lines that are parallel to existing routes while the falls reflect the addition of brach lines. Interestingly, as we can observe during Iteration 11 to 17 in Experiment A and Iteration 7 to 9 and Iteration 17-21 in Experiment B, the big jumps on the circuitness curve is always accompanied by the lessening of the Spearman correlation in links. Although strict statistical tests are still in order with more samples available, this observation implies the possible relationship between FMA and the topological attributes of a surface transportation network as we posit in the third hypothesis.
Sensitivity Analysis
The values of model parameters listed in Table 3 are arbitrarily specified. To test the sensitivity of the FMA results on model parameters, simulation experiments were re-excuted in different runs with one parameter changed at a time. The results are summarized in Table 6 .
The decay factor θ indicates the decay rate of interaction. A smaller de- cay factor implies more demand on the network and a higher level of overall accessibility. As can be seen, re-executing Experiment A with a smaller decay factor (0.02) in Run 1 resulted in much smaller Spearman correlation coefficients both in nodes (-0.482) and in links (-0.209), indicating less prominent first mover advantages during network growth. This could be explained by the observation that a smaller decay factor makes it easier for a newly established place to attract traffic from established places, even if it is smaller. Additionally, with higher benefits that could be achieved, parallel lines had been built since the early stage of network deployment. Once the paralleling lines were established, however, they had to compete for travel demand, thereby making both less important. A smaller scaling factor η allows more randomness in node formation, meaning minor places could more likely be established earlier, which will counteract the first mover advantages we observed in both experiments. Similarly, a smaller µ or a smaller β 2 (in the bell-shaped distribution of land use) essentially specifies a lower concentration of land uses. Thus it is expected to lead to less evident FMA as well. To test, Experiment B was re-executed with a different value of β 2 (0.10), and a weaker (and statistically significant) correlation is observed both for nodes (-0.760) and links (-0.654) .
A lower value of accessibility (v) or a higher construction cost rate (C) means less construction in general, as the link formation process considers both benefit and cost. As the result of fewer parallel lines being constructed, more evident FMA is expected to be observed in the main lines. Experiment A was re-run with a different value of C(500,000), and a stronger FMA in links (-0.611) but a little weaker FMA in nodes (-0.611) were observed.
The distance between adjacent centroids D indicates the scale of the network while Q indicates the average scale of agglomeration in a cell. Changing either variable with the other remaining the same will change the density of land uses, which will affect the travel demand accordingly. Experiment A was re-executed in Run 4 with a different value of Q (1,000). The resultant Spearman correlation coefficient for nodes equals -0.60928, and the coefficient for links equals -0.581, indicating a slightly weaker correlation in nodes and a slightly stronger correlation in links.
The higher the road speed is, the more likely the traffic takes existing roads. As the effect of enhanced cumulative advantages, a more evident FMA is expected. Re-running Experiment A with a higher roads speed (60), as expected, resulted in a much stronger correlation both in nodes (-0.710) and in links (-0.733) .
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This paper investigates the existence and extent of first mover advantages on spatial surface transportation networks. By examining empirical examples including London rails, and roads in the Twin Cities, first mover advantages were observed in rail stations but not in the road network. A simulation model was then developed to replicate the growth of spatial networks incorporating idealized deployment decisions and to test whether the first network elements (links, nodes) remain strongest (or even strong) into the future. Spearman ranks correlation tests provide evidence in simulation experiments that first mover advantages exist in both nodes and links and become increasingly prominent as the network evolves, which could be explained by the location advantages of first established elements and positive network effects brought by subsequent entrants. Simulation results also disclosed that network growth with a higher concentration of initial land uses results in stronger first mover advantages, and that the extent may vary as the topological attributes of the network change over time.
Simulation is kept simple in that deployment decisions are simplified and that land uses are fixed. For instance, the benefit and cost associated with land value is among the factors that have not been taken into consideration in evaluating location decisions. The first mover gets to pick locations, which is valuable within cities. However, between cities, we might speculate that FMA is not nearly so strong, as the city is fixed in the national and global accessibility framework. In a metropolitan system where workers and jobs are allowed to move, the first mover is expected to be enhanced, which could be tested in simulation with land use dynamics incorporated.
One would expect FMA could be more evident when the (first and following) occupants of a market are competitive rather than complimentary. This helps to explain why little evidence of FMA has been found in the Twin Cities road network, which was largely centrally planned and funded by the public. It implies that the ownership structure of a network may have something to do with the extent of FMA, which could be examined with more sophisticated agent-based simulation models incorporating conflicting incentives in network growth.
As evidence has revealed the existence of first mover advantages on surface transportation networks, this research has important implications for strategic transportation planning, investment, and network deployment. For instance, how could system adaption and lock-in factor in the strategic plan-ning of a transport system? How will transportation funds be allocated between maintenance and new construction to facilitate the smart growth of a region? How could a transportation facility be appropriately sized and sited, not necessarily being optimal at the time, but being able to improve the system as a whole, considering subsequent construction in the future? The model developed in this research has the potential to be used as a tool for urban planners to address these questions with the effects of FMA taken into consideration.
